T-cell control of primary rotavirus infection and mucosal antibody responses to rotavirus was studied with monoclonal antibodies (MAb) Rotavirus is a major pathogen of young calves, being one of the major etiologic agents responsible for diarrhea resulting in considerable morbidity and mortality (33). It is therefore important to understand the mechanisms of immunity to rotavirus in cattle for the rational development of vaccines. Rotavirus infection results in the induction of antibody (32, 36) and cell-mediated (20, 26, 34) 
BoWC1+ cells had no effect on virus excretion. Calves depleted of both CD4+ and CD8+ cells excreted amounts of virus similar to those of calves depleted of CD8+ cells alone. Onset and duration of virus excretion were not affected by any of the MAb treatments. We conclude that a CD8+ cell population is involved in limiting primary rotavirus infection, while CD4+ or BoWCl+ ('y/8' TcR) lymphocytes are not. Furthermore, CD4+ lymphocytes (but not CD8+ or BoWC1+ lymphocytes) were shown to be important in the generation of mucosal, as well as systemic, antibody responses.
Rotavirus is a major pathogen of young calves, being one of the major etiologic agents responsible for diarrhea resulting in considerable morbidity and mortality (33) . It is therefore important to understand the mechanisms of immunity to rotavirus in cattle for the rational development of vaccines. Rotavirus infection results in the induction of antibody (32, 36) and cell-mediated (20, 26, 34) responses, both of which probably play a part in acquired immunity to subsequent infection. However, it is unclear what role, if any, these immune responses play in recovery from primary rotavirus infections.
In vivo depletion with monoclonal antibodies (MAb) has been used to investigate the physiological roles of different T-cell subpopulations in allograft rejection, autoimmunity, and immune responses to infections. While the effects of this treatment on systemic antibody and cell-mediated responses have been extensively reported (37) , there have been no reports of its effects on mucosal immune responses following infection.
Three major subpopulations of bovine T lymphocytes have been identified in the circulation and secondary lymphoid organs. Those bearing CD4, the homolog of human CD4, are major histocompatibility complex (MHC) class II-restricted and act as classical helper T cells (1) , while those bearing CD8, the homolog of human CD8, have the properties of MHC class I-restricted cytotoxic T cells (22) . The third T-cell subpopulation present in bovine peripheral blood are CD2-CD5+ CD4-CD8-ry//8 TcR and express the 215-to 300-kDa molecule BoWC1 (7, 18) . The function of these cells, subsequently called BoWC1+ cells in this report, is unclear.
Howard et al. (19) have depleted specific T-cell subpopulations in blood by intravenous injection of the appropriate murine MAb. In the present study, we depleted CD4+, CD8+, or BoWC1+ cells by in vivo treatment with MAb to investigate the role of these cells in recovery of calves from primary rotavirus infection and in the generation of mucosal and serum antibody responses to rotavirus. We also examined the effectiveness of this treatment on the depletion of lymphocytes from different lymphoid tissues.
MATERIALS AND METHODS
MAb. The MAb used for flow cytometry (FCM) and immunocytochemistry (ICC) were CC8 and CC30 (anti-CD4), CC63 (anti-CD8), and CC15 (anti-BoWC1), all of which were included in the International Workshop on Bovine, Sheep and Goat Leukocyte Differentiation Antigens (18) . MAb 19 is directed against the F protein of respiratory syncytial virus and is a murine immunoglobulin G2a (IgG2a), as were MAb CC8, CC63, and CC15 used for depletion. All were produced at the Institute for Animal Health, Compton Laboratory.
Rotavirus. Rotavirus C3-160 was isolated from a healthy calf and had been passaged and cloned in cell culture followed by serial passage in four gnotobiotic calves (4, 31) . Inocula were prepared as fecal filtrates (0.45-,um pore size).
Animals and experimental design. Gnotobiotic calves were derived and reared on a milk-based diet as previously described (11, 17 an orbital shaker. Any remaining enterocytes were removed by vigorous rubbing of the patch surface with the plunger from a 5-ml syringe followed by brief washes in EDTA. When no more enterocytes were being removed, the patch was scraped from the muscularis and dispersed in the stomacher as above. Cell suspensions from all the tissues were centrifuged over Histopaque 1083, and the cells at the interface were collected. Peripheral blood and other-tissue mononuclear cells were washed three times with PBS before being resuspended in tissue culture medium (RPMI 1640; GIBCO) supplemented with 10% fetal calf serum (heat inactivated at 56°C for 30 min; Flow), 2 mM glutamine, 100 IU of penicillin per ml, 0.2 mg of streptomycin per ml, 5 x 10-5 M 2-mercaptoethanol, 1 mM sodium pyruvate, and 27 mM sodium bicarbonate.
FCM. Cell suspensions from blood, lymph nodes, spleen, and PP were stained with MAb as described previously (19) except that fluorescein isothiocyanate-conjugated antimouse Ig (Southern Biotechnology Associates Inc., Birmingham, Ala.) was utilized and the samples were analyzed on a FACScan (Becton Dickinson, Sunnyvale, Calif.).
ICC. ICC was done as previously described (29) . Briefly, pieces of small intestine containing discrete PP were taken at (a) Effect of lymphocyte depletions on virus excretion. Calves treated with anti-CD8 MAb either alone or together with anti-CD4 MAb showed increased virus excretion compared with control calves on days 3 to 7 p.i. (Fig. 4) . The difference in viral titers between the anti-CD8 MAb-treated calves and the control calves was greatest on days 3 and 4 p.i. when it was greater than 2.5 log units. Between days 5 and 7, the difference was between 1 and 1.5 log units. Total virus excretion, determined by measuring areas under the curves, was significantly higher (P < 0.04) than controls as was the peak mean virus titer (Table 1) . Calves treated with a combination of anti-CD4 and anti-CD8 MAb had virus excretion similar to that of calves injected with anti-CD8 MAb alone. Injection of anti-CD4 MAb alone or antiBoWC1 MAb had no effect on virus excretion compared with control calves. The duration of virus excretion was not affected by injection of any of the MAb (Table 1) Table 3 ). Also in the anti-CD4 MAb-treated calves, similar to that reported here demonstrating that NK cells there was an increased percentage of CD8+ cells (3.94%) in were responsible for the regulation of cytomegalovirus inthe lamina propria of the small intestine compared with fection in mice. Intraepithelial cells with NK activity against control animals (0.86%). The percentage of CD8+ cells in the rotavirus-infected targets have been described in chickens intestine of anti-CD8 MAb-treated calves at 14 days p.i. was (24) . In humans and rats, some or all NK cells are CD8+, not different from that of control calves. In contrast, when respectively (35) . NK-like cells have been described in cattle small intestinal tissues from anti-CD8 MAb-treated calves (9) , but their phenotype has not yet been fully elucidated. were examined 7 days p.i., the percentages of CD8+ cells in Alternatively, the cell type responsible for the restriction b As for Table 2 . c Statistical comparisons were made between treated groups and the control group (*) and between the anti-CD8-treated groups slaughtered on days 7 and 14 (t). Levels of significance: * or t, P < 0.05; ** or tt, P < 0.01.
of virus excretion seen in this study could be classical, virus-specific, major histocompatibility complex class I-restricted, CD8+ cytotoxic T lymphocytes (CTLs). CTLs have been demonstrated in the mucosal lymphoid tissues of mice 2 days after intestinal infection with reovirus (21) and to be important in resistance of mice to rotavirus infections (12, 27) . While the anti-CD8-treated calves reported in this study had markedly reduced levels of CD8+ cells in the small intestine, some CD8+ cells were still present and these may have been sufficient to terminate virus production. However, Offit and Dudzik (26) have reported that rotavirusspecific CTLs are not demonstrable in the intestinal epithelium of mice until 6 days after infection. These observations may indicate that CTLs were not responsible for the early effect described in this report. In contrast to athymic mice which are able to resolve rotavirus infections in a manner similar to that of normal mice (14) , severe combined immunodeficient (SCID) mice become chronically infected with rotavirus (12) . Transfer of immune CD8+ lymphocytes into SCID mice results in the clearance of the infection and supports a role for CTLs in termination of rotavirus infection (12) . The failure of the treatment schedule used in the present study to affect the duration of virus shedding is probably due to its failure to maintain depletion of CD8+ lymphocytes for a sufficient period. Furthermore, termination of virus excretion was not affected by suppression of antibody responses in the anti-CD4-treated calves. This suggests either that antibody is not important in limiting the duration of rotavirus infection or that the low responses at the time of cessation of virus excretion were sufficient. The studies on athymic (14) and SCID mice (12) would support our findings for the lack of a role for antirotavirus antibodies in the termination of rotavirus infection.
Others have found both transplantation rejection (8) and prevention of reactivation of Taxoplasma gondii (16) to be more markedly reduced when CD4+ and CD8+ T-cell subpopulations are depleted simultaneously rather than when either population is reduced individually. These findings suggest either that the absence of one population can be compensated for by the presence of the other or that the two T-cell subpopulations cooperate in some manner. In the experiments reported here, no evidence was found to suggest that this was happening either in the control of rotavirus infection or in the generation of antibody responses to rotavirus.
The role of -y/8I T cells in immunity is unclear, but their ability to recognize heat shock proteins (25) has led to suggestions that these cells may be involved in immune surveillance by lysing infected cells expressing heat shock proteins (2). In our study, the depletion of BoWC1 cells, which represent the majority of the -y/8b T cells in ruminants (7), had no effect on rotavirus excretion, suggesting that this mechanism is not important in this situation.
Reduction of systemic IgG antibody responses in cattle to nonreplicating parenterally administered antigens following administration of MAb to CD4 has been reported before (19 Thus, in vivo depletion of T-cell subpopulations with MAb provided a system to study the control of mucosal immune responses. The present study demonstrates that a CD8+ lymphocyte population plays a central role in the control of primary rotavirus infections. Further studies are required to define the full phenotype of this cell and to determine the precise mechanism by which it exerts its action.
